Pulmonary oedema is one of the commonest lesions seen at necropsy. It occurs in association with a diversity of pathological conditions and often as a terminal event. Cameron (1948) showed that the frequency of severe pulmonary oedema was marked in association with cardiovascular disease, cerebral lesions, and trauma such as multiple fractures, but that it was common also in the terminal phase of many illnesses. However, its frequency and its apparently unexciting histological features have diverted the interest of morbid anatomists from pulmonary oedema. It is a secondary phenomenon but it is not of secondary importance for it gives rise to gross disturbances in pulmonary function and may be the immediate cause of death.
Pulmonary oedema at necropsy may be estimated inexactly by gross weighing of the excised lungs and by the demonstration of free fluid exuding from the cut surfaces of the lungs. Histological examination confirms the presence of pulmonary oedema but unless multiple sections are taken in a systematic fashion the sum of these methods may offer little or no information concerning the amount or distribution of oedema in the lung. Moreover, with the development of intensive care units, pathologists are required to provide services on patients whose pulmonary function has been monitored in detail up to the time of death. In these patients standard necropsy procedures are particularly inadequate in the assessment of interstitial pulmonary oedema with a minor or no alveolar component.
Lungs fixed by a formaldehyde vapour inflation technique (Wright, Slavin, Kreel, Callan, and Sandin, 1974) without any fluid condensation or instillation Received for publication 13 January 1975. into the lungs have been studied. The lungs are fixed in a position of inflation; radiolucency of the lungs is maintained, and combined radiological and pathological studies of the excised lungs are possible. This paper records experience of this technique in the demonstration of pulmonary oedema.
Material and Methods
Lungs from 150 unselected clinical necropsies were examined after formaldehyde vapour fixation. Most necropsies were performed more than 24 hours after death. Coroner's necropsies were not included in the study. The period of fixation was usually overnight. The fixed lungs were x-rayed in anteroposterior and lateral views. The lungs were then sliced with a ham knife at IP0 cm and the slices were radiographed again. Tissue blocks for histological examination were selected from the nakedeye lesions in the lung slices, from radiologically observed lesions, and from multiple random sites. Correlations were made between radiological appearances and the subsequent histological demonstration of pulmonary oedema so that with experience the radiological features were recognized and used to map the anatomical locations of pulmonary oedema. In addition, vapour fixation allowed morphological studies of pulmonary oedema in inflated lungs undistorted by the addition of large quantities of liquid fixative.
Results
Pulmonary oedema was seen radiologically and confirmed by microscopy in 106 (Slavin, Herbert, and Kr_~el, 1975 The radiological lines are an early manifestation of pulmonary oedema and are equivalent to A, B, and D lines recognized in life (Kerley, 1962; Kreel, Slavin, Herbert, and Sandin, 1975) . They may be seen as the sole manifestation of pulmonary oedema or in association with the ground glass appearance in more severe cases. The localization of such radiological lines is partly determined by preformed septa and partly by fascial planes within the interstitium of the lung. Thus they are frequently seen at the angles of the lungs where fascial septa are common (Reid, 1959 . Intra-alveolar oedema may also be recognized as a component of a local lesion in association with a pulmonary infarct or inflammatory disease.
HISTOLOGICAL APPEARANCES
This method of preparation and block selection draws attention to early interstitial forms of pulmonary oedema as well as the later forms where alveolar flooding is easily recognizable. In static morphological studies of necropsy material it is not possible to ascertain the exact sequence of fluid accumulation but it is possible to recognize characteristic morphological changes due to excess fluid in the various tissues of the lung and to correlate these with the clinical and radiological features.
(1) There is an expansion of the perivascular, peribronchiolar, and interstitial connective tissue space by oedema fluid. Such fluid may be largely confined to the periarterial sheath (fig 3) . (2) Alveolar wall thickening with capillary congestion is noted but usually in association with (3) alveolar filling: the alveoli appear to fill with oedema fluid individually. Normal unfilled alveoli may be seen next to alveoli completely filled by fluid. Intermediate, half-filled alveoli are infrequent, but some alveoli may show arcuate zones of oedema at the corners of the alveolus while the remainder contains air (fig 7) . The extent of alveolar filling is variable, but ultimately confluent pulmonary oedema occurs (fig 8) . and at the angles of the lungs (fig 9 a-d) . It was concluded that the decreased compliance was accounted for at least in part by the marked oedema in the interstitial component.
Discussion
The frequency of pulmonary oedema in these necropsies (79%) is greater than that in the series reported by Cameron (1948;  65 %) using conventional techniques though there is some selection in our material in the exclusion of coroner's cases. This increase may reflect the help given by radiographs of lung slices in selecting blocks for histological examination and particularly in the recognition of distended and oedematous connective tissue planes before the phase of alveolar flooding.
The lung is not a dry organ but the pathways of normal fluid movements are not clear. Fluid leaving normal alveolar vessels, either capillaries or venules, passes into the interstices of the alveolar wall to lymphatics in interstitial tissue. This fluid does not normally enter the alveolar spaces but may move under the direction of a subatmospheric pressure in the interstitial tissue (Staub, 1970; Staub, 1974) , reaching the systemic circulation via pulmonary lymphatics.
Pulmonary oedema occurs when there is an excess accumulation of fluid inthevariouspulmonary compartments. Haemodynamic oedema may arise in association with increased left atrial pressure as in congestive cardiac failure, while toxins such as alloxan (Cottrell, Levine, Senior, Wiener, Spiro, and Fishman, 1967) , alpha-naphthyl thiourea, high concentrations of oxygen (Meyrick, Miller, and Reid, 1972) , and bacterial toxins (Finegold, 1967) may induce pulmonary oedema following direct damage to endothelial cells.
In experimental animals haemodynamic pulmonary oedema appears to result from an accentuation of the normal process of fluid exchanges within the lung (Cottrell et al, 1967; Szidon, Pietra, and Fishman, 1972) . There is an increase in the rate of fluid and protein flow before any recognizable increase in extravascular fluid content. The earliest changes seen on electronmicroscopyshow that excess water accumulates in those portions of alveolar septa rich in connective tissue fibres. Such early changes are not visible by light microscopy but in dogs light microscopy shows that pulmonary oedema develops in a constant morphological sequence (Staub, Nagano, and Pearce, 1967) . There is expansion of the perivenous and peribronchiolar sheaths by oedema fluid and distension of septal lymphatics. Only at a late stage does fluid fill the alveolar spaces. In pulmonary oedema due to toxic endothelial damage marked interstitial oedema is present and precedes the formation of alveolar fluid (Finegold, 1967; Meyrick et al, 1972) . These experimental studies have provided strong evidence that the loose interstitial connective tissue space is a preferential site of initial fluid accumulation in pulmonary oedema, both haemodynamic and toxic in origin.
By contrast, morphological descriptions of pulmonary oedema in man lay relatively minor stress on the interstitial component and place much more emphasis on late stage flooded, fluid-filled alveoli (Spencer, 1968; Roberts, 1970; Millard, 1971) . The same emphasis is reflected in standard clinical texts (Braunwald, 1974) in which signs and symptoms of established pulmonary oedema are stressed at the expense of the signs of early pulmonary oedema. Some change in attitude has developed with the growth of intensive care units. Pulmonary interstitial oedema is marked in burned and shocked patients (Nash, Foley, and Langlinais, 1974) , and it may be that the alterations of compliance as well as alterations in gas exchange are due to the accumulation of fluid about small airways (Pietra, 1974 
